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Abstract: In addition to the traction mode, important modes of traction induction motors are start by underfrequency relay 
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When designing asynchronous traction motors unique 
requirements are set to the form of the curve of the me-
chanical characteristic and the value of the starting cur-
rent, in particular during start by underfrequency relay. 
Analytical models are often used on this stage. Their 
common drawback is the large number of assumptions 
taken. 
Currently numerical models based on the application 
of results of magnetic field calculation in the equations of 
the equivalent circuit are getting more and more popular. 
Such models automatically take many factors into ac-
count, including the design features, the nonlinearity of 
the magnetic characteristics of the materials and the effect 
of the current displacement [1]. The problem of applica-
tion of such models in the design of asynchronous traction 
motors is pressing.  
In order to implement a field dynamical model an orig-
inal library of finite element modeling of the magnetic 
field «EMLib» was developed. It includes means for par-
ametric generation of finite element models. Usage of 
«EMLib» allows to create compact modeling tools that 
are compatible with other applications. 
In order to calculate transient processes in an asyn-
chronous machine a number of iterations with a time step 
∆t should be made. At each iteration a system of equa-
tions in matrix form (1) should be solved. 
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where x - a vector of the unknown values - the currents 
in the circuits of the stator and rotor windings,  turning 
angle and speed of rotation of the rotor. For the three-
phase motor with a squirrel cage elements of the system 
(1) have the form: 
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In the matrixes (2), (3) elements with index σ – reac-
tance resistances calculated during the design calculation. 
The elements of the matrix (3) are calculated during the 
finite element calculation of the field on every iteration. 
This model allows the calculation of the dynamic char-
acteristics with different laws of change of the applied 
voltage and frequency. It is well suited for modeling the 
start-up and braking of traction induction motor in the 
course of checking calculation. 
In addition to calculating the dynamical characteristics 
of the motor, the developed model can be used to calcu-
late the mechanical characteristics. In order to obtain the 
values of the electromagnetic torque for different rotor 
speeds, resultant torque M in the matrix (2) should be set 
to 0. Also it is necessary to set the angular velocity Ω. 
After that, an iterative calculation should be conducted 
until the transient process ends. After that, the current 
torque value should be recorded, and the value of Ω 
should be changed. The disadvantage of this method is 
the large amount of time required to calculate the me-
chanical characteristics. 
Calculations for different speed values can be per-
formed independently. This allows to implement parallel 
computing with the use of multi-processor technology 
when determining the mechanical characteristics. In this 
case, the calculation time may be seriously reduced. 
Work is performed within the contract with the Minis-
try of Education and Science of the Russian Federation 
02.G25.31.0049. 
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